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Present study. The article by Ganau, et al . (I) in this issue
of the Journal is an important milestone in our understanding
of hypertensive heart disease
. Since the advent of a patho-
logically validated M-mode echocardiographic method for
quantitating left ventricular mass (2), Devereux and cowork-
ers (3-6) have systematically and incisively expanded our
understanding of the role of left ventricular hypertrophy in
essential hypertension and its pathophysiologic correlates .
They have been among the first to demonstrate the enor-
mous increase in morbidity and mortality associated with left
ventricular hypertrophy in essential hypertension (7,8).
Among their more provocative recent contributions (9) has
been the idea that increased left ventricular mass might
precede and contribute to causation of essential hyperten-
sion .
In the present study the Cornell group and their Sardinian
colleagues address two fundamental unanswered questions
with respect to the cardiac response to essential hyperten-
sion: What is the distribution of abnormalities of left ven-
tricular mass and geometry in
untreated hypertensive sub-
jects and how does it relate to circulatory abnormalities?
One might imagine that clearcut answers to these questions
would have long since emerged . However, one camcoi
overestimate the difficulty of finding adequate numbers of
representative, genuinely untreated hypertensive subjects
for a study of these questions . Indeed, even a center with as
large a program in essential hypertension as that of Come]]
could provide <511% of the hypertensive subjects evaluated
in the present study . Moreover, a suitable analytic frame-
work has been lacking . In early studies subjects were simply
classified into groups with normal or increased left ventric-
ular mass. Subsequently, it was recognized that the group
with ventricular hypertrophy could ba further stratified .
Some patients have concentric left ventricular hypertrophy,
characterized by an increase in both left ventricular mass
and the ratio of left ventricular wall thickness to cavity
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diameter-so-called relative wall thickness or h/R ratio-
whereas others have eccentric left ventricular hypertrophy
with increased mass but normal relative wall thickness . In
the current study (1) the authors suggest that the subgroup
with normal ventricular mass can be further classified into
those with "concentric remocialing," in whom relative wall
thickness is increased despite nonnal mass, and those with a
truly normal ventricle with both normal mass and normal
relative wall thickness .
Main findings. The results of this analysis are surprising
and, in fact, counterintuitive from the vantage point of most
clinical cardiologists
. Only 8% of the hypertensive subjects
had concentric left ventricular hypertrophy, whereas 27%
had eccentric left ventricular hypertrophy, 13% had concen-
tric remodeling and 52% had a genuinely normal ventricle .
There were no differences in severity or duration of hyper-
tension or in concurrent obesity, another cause of eccentric
hypertrophy, to account for these findings . The authors (1)
also noted systematic differences in left ventricular geome-
try
; ventricular shape was most elliptic in the group with
concentric remodeling and most spheric in the group with
eccentric left ventricular hypertrophy .
Differences in cardiac structure were also associated with
differences in cardiac and circulatory physiology. Subjects
with concentric hypertrophy had subnormal end-systolic
meridienal wall stress, normal left ventricular cavity size,
shape and stress-adjusted fractional shortening and elevated
total peripheral resistance with a slight increase in cardiac
index . In contrast, those with concentric remodeling also
had subnormal wall stress and increased total peripheral
resistance but had reduced stroke index and cardiac index.
Subjects with eccentric hypertrophy had a high cardiac
index, nomal peripheral resistance, increased ventricular
re spheric ventricular shape and elevated end-
systolic stress suggesting inadequate hypertrophy .
Limitations
. Although the analysis of left ventricular
geometry and hypertrophy provided in Ibis ; study is firmly
grounded in well validated echocardiogaphic metl
.--ds,
some aspects of the circulatory and mechanics analyses hav :
methodologic limitations . Two-dimensional echocardiog-
raphy was performed in only a subgroup of subjects,
whereas Doppler methods were not used . Thus stroke vol-
ume was estimated by using the M-mode Teichholz tech-
nique (10), which correlates well with thermodilution and
angiographic data but results in a large standard error
(11,12). Moreover, because the M-mode method is applied to
subgroups that differ systematically in the ratio of left
ventricular minor axis to major axis length, a systematic bias
is introduced that could distort comparisons of stroke vol-
ume indexes . The authors (1) estimate that the impact of this
problem is modest . Finally, M-mode meridional wall stress
is used as the sole index of myocardial afterload . This use is
reasonable when left ventricular shape is similar in the
groups compared. However, circumferential stress, which
can be directly determined with two-dimensional echocar-
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diographic methods (13), should also be evaluated when the
minor/major axis ratio differs systematically between sub-
groups. In particular, the "inadequate" hypertrophy de-
scribed in eccentric left ventricular hypertrophy and the
"overcompensatory" increase in wall thickness described in
the concentric groups may look quite different when circum-
ferential stress is considered.
Conclusions and clinical implications
. With respect to
pxLhophysiology, the authors (I) conclude that in concentric
remodeling "volume underloading" occurs, possibly be-
cause of a pressure natriuresis . In turn, this volume under-
loading modulates the left ventricular response so that overt
left ventricular hypertrophy does not occur . If mechanisms
of volume underloading can be characterized sufficiently
well, they may offer new strategies for preventing progres-
sion of hypertensive heart disease and improving antihyper-
tensive therapy. The authors (1) further suggest that the
eccentric hypertrophy pattern is best understood as a re-
sponse to combined pressure and volume overload . Again, if
mechanisms can he elucidated in greater detail, new thera-
peutic insights with respect to this large subgroup of hyper-
tensive subjects may become available .
This study raises fundamental questions about common
clinical perceptions of the heart in hypertension . How can
we explain the fact that the usual cardiologic image of the left
ventricle in essential hypertension is that of concentric left
ventricular hypertrophy, whereas the present study (I) dem-
onstrates that <10% of untreated hypertensive subjects
actually have concentric left ventricular hypertrophy? The
answer, I suspect, is that among treated patients and in those
with manifest heart disease, the group with concentric left
ventricular hypertrophy is greatly overrepresented, pre-
cisely because of these patients' inordinately high risk of
cardiovascular and other end-organ morbidity and mortality
(7,8,14) . Conversely, these results underscore the potential
feasibility of identifying a relatively small, high risk sub-
group of hypertensive patients with concentric left ventric-
ular hypertrophy or concentric remodeling and determining
the effectiveness of more aggressive efforts at secondary
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prevention in this subgroup . Such an effort is sufficiently
promising to justify large scale clinical trials .
References
1 . Game, A, Devereux an, Roman Ml, et al . Patterns of left venldcular
hypertrophy and geometric remodeling in essential hypertension . I Am
Coll Cardiol 1992 ;19:1550-8.
2 . Devereux RD, Reichek N . Echocardiogmphic determination of left ven-
tricular mass in man: Anatomic validation of the method. Circulation
1917;55:613-8.
3 . Devereux RD, Savage Do, Dmyer JIM, lamgh !H . Left ventricular
hypertrophy in high, normal and low-renin forms of essential hyperten-
on. Hypertension 1952;4 :524-31.
4. Devereux RB, Savage DD . Sacks l, Laragh JH . Relation of hemodynamic
load to left ventricular hypertrophy, and performance in hypertension. Am
I Curdled 1983 ;51 :171-6.
5 . Borer IS,Jason M,DevereuxRB,etal .Function ofthehypertrophied left
ventricle at rest and exercise: hypertension and aortic stenosis . Am J Med
1983;75(suppl3A):34-9 .
6. Devereux RD, Pickering To, Harshfeld GA, et al . Left ventricular
hypertrophy in patients with hypertension : importance of blood pressure
response to regularly meaning stress, Circulation 1983 ;68 :470-6.
7. Casale PN, Devereox RB, Milner M, et at. Value of echocardiogmphic
measurement of Ief ventricular mass in prediuing cardiovascular morbid
events in hyperensive men. Ann intern Mod 1986;105 :173-8.
e. Rome MI, Deveroov RB, Cmaie PN, Savage DO, LnsnotsiH . Relation of
left ventricular mass and geometry to morbidity and morality in men and
women with essential hypertension . Ann Intent Med 1991 ;114:345-52 .
9. de Simone G, D.-as RD, Roman MJ . Schlusset V. Alderman MD.
Laragh JH . Echocardiographic left ventricular mass and electrolyte
intake predict subsequent arterial hypertension in initially aormotensive
adults. Ann Intern Mod 1991 ;114:202-9.
10. Teichhul2 LE, Krtulen T, Herman MV, Godin R . Problems in echocar-
diogmphic volume determinations: Echocardiographic-angiographic eor-
relations in the presence or absence of asynergy . Am J Cordial 1976:37 :
?-ti .
I I. Kromik G, Stony J, Moenlacher H . Conspmative value of eight M-made
echacuediogmphic formulas for determining left venlicutar stroke vol-
ume: a correlative study with thermodiluaon and kill ventricular single-
plane druoulpogmphy. Circulation 1979;60:1 .08-16.
12 Asan i H Sa ayama S, Kameyama T . Ventriculaarteral coupling in
normal and failing heart in humans . Circ Res 1989 ;65:483-93.
13 . St . John Smlon MG, Plappen TA. Hirshfeld JW . Reichek N . Assessment
of left ventricular mechanics in patients with asympton atic aortic regur-
gitation: a two-dimensional echocardiogmphic study . Circulation 1984 ;69:
259-68.
14 . Levy D . Garrison PJ, Savage DD, Kannel WE, CasteOi WP. Prognostic
implications of echocardiogmphicaliy determined left ventricular muss in
the Framingham Heart Study. N East 1 Med 1990;322:1561-6 .
